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Abstract 
We report an experimental investigation of YBaCuO operating in a “Z” type movement with different angles 
above a PMG on a field-cooled position. A comparison with available results on multi-seeds bulk YBaCuO operating 
“Z” movements with different angles and lateral displacements above a PMG in the field-cooled mode is also 
presented.  The results indicate that the torque performance varies according to their fixed lateral displacements. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1. Introduction 
Levitation or suspension of a permanent magnet (PM) above or under a bulk high temperature 
superconductor [1]-[2] plays an important role in many areas if applied to a vehicle system, and largely 
for this reason that the topic has been and remains a subject of great interest. Knowledge of its application 
to Maglev vehicles is therefore vital to gain insight into their electromagnetic properties. In fact, following 
the pioneering work in 2000 at Applied Superconductivity Laboratory, Southwest Jiaotong University, 
China [3], much attention has been placed toward the practical operation of HTS trains, both theoretical 
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and experimental [4]. Most of the studies mainly focused on the electromagnetic properties of HTS 
specimens operating above the PMG but only moving along the longitudinal direction, or simultaneous 
movements along the vertical and lateral directions [5] - [7]. However, no experiment work has been 
reported regarding studies of the HTS specimens moving along the longitudinal direction and lateral 
directions at the same time with respect to the PMG.  Lateral excursion movements of the HTS train while 
running on the PMG at high speeds may occur which may be caused by air currents around the body of 
the train, uneven field distribution of the PMG along the longitudinal direction and so on. In order to 
better understand the HTSC performance when subject to the combination of both lateral and longitudinal 
directional movements, the present work provides the first studies of YBaCuO samples operating in a “Z” 
shape movement with different angles above a PMG at a field-cooled position by considering a fixed 
lateral displacement with the quasi-static movement.  
2. Experimental detail 
Figure 1 illustrates the HTS Maglev three-dimension motion measurement system: this system 
combines a lateral and a longitudinal step motor that can operate in “Z” shaped fashion movements back 
and forth successive times [8]. Figure 2 illustrates the clamp mechanism that holds the sample. The bulk is 
fixed onto the clamp, which can rotate freely in the clockwise and anti-clockwise directions about the 
center line axis of the PMG while force is applied on the ends of the left or right of the clamp. When the 
clamp rotates, either the end of the left or right of the clamp will make contact with the pillar. The pillar 
then transfers the force to the force sensor which is monitored by a computer. The torque is then 
determined through the product of the force and the length of the force arm. Both the left and right lengths 
of the arm are 81 mm which allows us to easily discuss the levitation force performance in either terms of 
force or torque. 
Fig.1. Picture of the HTS Maglev three-dimension                                     Fig. 2. Picture of the mechanism of the clamp.  
motion measurement system. 1 Vertical step motor;                                           1 Clamp; 2 Left pillar; 3 Left force sensor; 4  
2 Vertical displacement sensor; 3 Longitudinal step motor;                               Right pillar; 3 Right force sensor. 
4 Longitudinal displacement sensor; 5 Lateral step motor;  
6 Lateral displacement sensor 
As shown in figure 3: The B is the magnet field. The levitation gap as the distance from the bottom of 
the surface of the bulk to the top surface of the PMG. The direction of the y-axis is parallel to the 
longitudinal direction of the PMG. The direction of x-axis is parallel to the lateral direction of the PMG. 
X
Y
Z
1
4
3 5
6
2
1
2
3
4
5
 Rong Zeng et al. /  Physics Procedia  36 ( 2012 )  1055 – 1061 1057
The centre axis of the clamp is taken to superimpose the centre line of the symmetry plane of the PMG 
parallel to the xy plane at the grid origin (x=0 mm, y=0 mm). The rectangular-shaped multi-seeds bulk 
YBaCuO had dimensions of 32 mm× 13 mm × 64 mm. The working height (WH) was 10 mm. The field- 
cooling height was 30 mm. The path the bulk undergoes is shown as figure 4. The experimental procedure 
involved setting forth the bulk to moving along the path and to go back and forth five times with different 
angles  (T = 10q, 20q and 30q  ) at a speed of 2.0 mm/s. The different maximum lateral displacements were 
5 mm, 15 mm and 35 mm. 
                                   
X-Z plane                                                                  X-Y plane 
Fig. 3.  Schematic  diagram of levitation system 
Fig. 4. The bulk moving route on the PMG 
3ˊExperimental Results 
Figure 5 displays the levitation force performance with respect to the lateral displacement up to 5 mm 
according to three different moving routes on the PMG in X-Y plane with angles T = 10q, 20q and 30q.
After moving in a “Z” type of route for the forth time, due to the restorable properties of the guidance 
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force, the right and left levitation forces were small when the lateral displacement was 5 mm, which 
means that when the YBCO bulk experiences a “Z” movement with a 5 mm lateral displacement up to T =
30q, the bulk does not rotate. For longitudinal displacements, by moving in a “Z” route back and forth one 
time, the hysteresis of the right and left levitation forces were small at a lateral displacement of 5 mm with 
different angles.  
Fig. 5. Levitation force performance by moving 5 mm lateral displacement operating “Z” movement with different angles (T = 10q,
20q and 30q ). (a) left-levitation force along lateral- displacement; (b) right-levitation force along lateral- displacement; (c) left-
levitation force along longitudinal- displacement; (d) right-levitation force along longitudinal- displacement 
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 Fig. 6. Levitation force performance by moving 15 mm lateral displacement operating “Z” movement with different angles (T = 10q,
20q and 30q ). (a) left -levitation force with lateral- displacement; (b) right-levitation force with lateral- displacement; (c) left-
levitation force along longitudinal- displacement; (d) right -levitation force along longitudinal- displacement 
Figure 6 displays the levitation force performance for when the lateral displacement was 15 mm. For 
example, when T = 30q, the bulk sample rotates anticlockwise from the beginning from point a to b. After 
keeping its balance until moving to point c, the bulk then begins to rotate clockwise until reaching d.
Upon returning, the bulk begins to rotate clockwise from point d to e. After remaining in balance until 
reaching to point f, the bulk begins to rotate anticlockwise until returning to point a. Along the 
longitudinal direction, the bulk rotates anticlockwise at the beginning from a to b. After remaining in 
balance up to point c, the bulk begins to rotate clockwise before reaching d for which the bulk sample 
remains in balance up to e. Then the bulk begins to rotate anticlockwise towards the end of f. When it 
returns its path, the bulk begins to rotate anticlockwise from g to h, then keeps its balance until h, then 
rotates clockwise from h to about i. From i to j, the bulk maintains its balance. Finally, the bulk rotates 
anticlockwise back to point a.
For the lateral displacement case, travelling its route for the forth time, because of the change of the 
magnetic field gradient along the lateral and vertical directions, the maximum of the left levitation force 
decreased with  the angle and the maximum of the left and right levitation forces decrease from T = 30q to 
20q to 10q. For the longitudinal displacement case, when the sample travels its route back and forth just 
one time, because of the difference of the moving longitudinal distance and the change of the magnetic 
field gradient along the lateral and vertical directions, hysteresis decreased from T = 30q to 20q to 10q.
Figure 7 displays the levitation force performance of the sample with different angles (T = 10q, 20q and 
30q) when the lateral displacement was 35 mm. By the same arguments as earlier, due to the magnetic 
field gradient of the PMG, the maximum of the left levitation force decreased with increasing angle while 
the maximum of the right levitation force increased with the increasing of angle. For the longitudinal 
displacement case, due to the difference of the moving longitudinal distance and the applied field gradient, 
hysteresis decreases from T = 30q, 20q to 10q.
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Fig. 7. Levitation force performance by moving 35 mm lateral displacement operating “Z” movement with different angles (T = 10q,
20q and 30q ). (a) left -levitation force along lateral- displacement; (b) right-levitation force along lateral- displacement; (c) left-
levitation force along longitudinal- displacement; (d) right-levitation force along longitudinal- displacement 
4. Conclusion 
This paper studied the effects on the levitation force performance of “Z” type movements of an HTSC 
at different angles above a PMG. displacements along the lateral direction showed that the bulk hardly 
rotated when the amplitude was of 5 mm at angles up to 30°, the bulk will rotate more intensely at 15 mm 
of lateral displacement especially when the angle is increased. However, at 35 mm of lateral displacement, 
the maximum of the left levitation force decreased when the angle increased and the maximum of the 
right levitation force increased with the angle.  
Along the longitudinal direction, hysteresis was found to increase with higher angles of different 
lateral displacements. The present work is aimed to stimulate further interest toward the development of 
HTS Maglev applications for practical use. 
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